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This paper customizes Bennett’s equation for calculating lens power in chicken eyes from refraction,
keratometry and biometry. Previously published data on refraction, corneal power, anterior chamber
depth, lens thickness, lens radii of curvature, axial length and eye power in chickens aged 10–90 days
were used to estimate Gullstrand’s lens power and Bennett’s lens power for chicken eyes, and to calculate
the lens equivalent refractive index. Bennett’s A and B constants for the front and back surface powers of
the lens were calculated for data measured from day 10 to 90 at 10 day intervals, and mean customized
constants were calculated. The mean customized constants for Bennett’s equation for chicks were
A = 0.574 ± 0.023 and B = 0.379 ± 0.021. As found previously, lens power decreases with age in chicks,
while corneal power decreases and axial length increases. The lens equivalent refractive index decreases
with age from 10 to 90 days after hatching. Bennett’s equation can be used to calculate lens power in
chicken eyes for studies on animal myopia, using standard biometry.
 2014 Elsevier B.V. All rights reserved.1. Introduction
Humans are born with a wide distribution of refractive errors
with a signiﬁcant mean hyperopic error, but in the early post-natal
period of refractive development, refraction takes on a characteris-
tic tightly peaked distribution with a more moderate hyperopic
mean (Mutti et al., 2005). This appears to be due to increases in
axial length, and parallel, and partially matched, decreases in cor-
neal and lens power (Gordon & Donzis, 1985). These features of
refractive development are also seen in animal models of experi-
mental myopia (Qiao-Grider et al., 2007). In chickens, during the
ﬁrst three months of life, refractive errors also take on a character-
istic peaked distribution centered around a mean spherical equiv-
alent in the low hyperopic range (Wallman, Adams, & Trachtman,
1981). During this period, axial length increases, corneal power
decreases and lens power decreases. The dimensions of these main
ocular parameters, responsible for the ﬁnal refractive error, grow
during this period in a balanced way, so that the distribution of
refractions becomes characteristically tight. In these ﬁrst 90 daysaxial length grows from about 8 to 14 mm, and this, on its own,
would change the dioptric power of the chick eye by more than
80 diopters towards myopia. This does not happen because corneal
and lens power decrease, largely compensating for the potential
myopic shifts.
Studies of experimental myopia in animal models have shown
that manipulation of the visual environment can inﬂuence the rate
of axial elongation (Wallman & Winawer, 2004). Speciﬁcally,
imposed defocus by means of positive or negative lenses results
in changes in the rate of axial elongation in young vertebrates in
a variety of species. The chicken model has been widely used to
study experimental myopia since it was introduced by Wallman,
Turkel, and Trachtman (1978). Axial elongation is regarded as the
most important factor in the modulation of refractive state when
myopia is induced by negative lenses or diffusors in chickens
(Wallman & Winawer, 2004). But corneal power, anterior chamber
depth and lens thickness change signiﬁcantly over this early period
and some differences in the rate of change in form-deprived eyes
have been reported (Gottlieb, Fugate-Wentzek, & Wallman, 1987;
Napper et al., 1995; Wallman & Adams, 1987). In addition, studies
in chickens reared under constant light regimens have shown ﬂat-
tening of corneal curvature and thinning of the lens (Li et al., 1995),
while different strains of chicken show differences in the rate of
lens thickness growth (Troilo et al., 1995). Thus, documenting
changes in all the ocular biometric parameters may be important
34 R. Iribarren et al. / Vision Research 96 (2014) 33–38for a full understanding of the development of experimental refrac-
tive error.
However, little attention has been paid to changes in lens power
during the development of experimental myopia (Sivak, 2008), and
lens thickness is an imperfect surrogate for lens power. An in vitro
model has been developed for studies on changes in lens back ver-
tex distance with age, and during accommodation, in chick eyes
(Choh & Sivak, 2005; Choh, Sivak, & Meriney, 2002), but such stud-
ies may not capture the changes occurring in vivo. In vivo lens
power calculations could provide additional information in pro-
spective studies of lens development in animal models. Lens power
can be calculated for any eye with the general optics of vertebrate
eyes, by using equations based on those developed by Bennett
(1988) for human eyes, which require measurements of refraction
(preferably cycloplegic), and biometry (typically corneal power,
anterior chamber depth, lens thickness and axial length). These
are commonly measured in experimental studies on chickens.
These equations have been optimized and veriﬁed in humans
(Dunne, Barnes, & Royston, 1989; Rozema, Atchison, & Tassignon,
2011), conﬁrming that Bennett’s equation (1988) provides an ade-
quate estimate of the lens power. Even though calculated lens
power suffers from compound errors from the measured parame-
ters it is based on, thus reducing its reliability, this approach avoids
the use of more complex procedures such as phakometry or lens
Scheimpﬂug photography, which in any case cannot measure lens
power directly, as these procedures derive lens radii based on a
number of assumptions and corrections, from which the lens
power is calculated.
Once the power of the lens has been estimated, the equivalent
refractive index can be also calculated with optical equations,
provided measurements of lens radii of curvature are available
(Rozema et al., 2012). However, this calculation assumes that the
lens is homogeneous, when in fact the lens is a complex structure,
which has surface power, and internal power (a gradient refractive
index). This gradient power arises as new ﬁbers are added to the
surface of the lens and older ﬁbers are buried in deeper layers,
where their protein concentration increases gradually as they
mature, and ﬁnally lose their organelles (Bassnett, 2002). This cre-
ates an internal structure of increasing index of refraction which
incrementally refracts rays as they pass through, thus increasing
the power of the lens.
As phakometry is a complex measurement, subject to method-
ological errors, it is not usually performed in in vivo animal exper-
iments on refractive error. On the other hand, refractive error,
keratometry and biometry, which are the requirements for Ben-
nett’s equation, are generally performed in such experiments. In
the current study we present customized constants for Bennett’s
equation to calculate changes in lens power in chicken studies,
based on a dataset previously published by Schaeffel and Howland
(1988). Further, we used these customized equations to describe
how lens power changes during refractive development over the
ﬁrst 90 days after hatching in the chicken eye.2. Materials and methods
Bennett’s equation can be used to calculate crystalline lens
power provided refraction, corneal power, axial length, anterior
chamber depth and lens thickness are known. The equation uses
two constants, A and B, to account for the positions of the principal
points of the lens. These two constants are used to calculate lens
power when lens thickness is available by keeping a standard
relationship between the distances from the surfaces to the
principal planes of the lens. These A and B constants are calculated
with an equivalent lens index and the anterior and posterior
radii respectively. As these constants are derived from theGullstrand–Emsley schematic eye model (Bennett, 1988), or from
any other schematic eye (like that of chicken in Schaeffel &
Howland, 1988), the calculations will be inaccurate when the lens
shape deviates considerably from that in the eye model. This inher-
ent error has been calculated for human eyes to be relatively low,
in the order of 1–2 diopters (Bennett, 1988; Dunne, Barnes, &
Royston, 1989; Rozema, Atchison, & Tassignon, 2011) and averages
out when the equation is used for mean lens power calculation in a
given sample. When the front and back powers of the lens are
known, a Q parameter can be calculated to ﬁnd the relative contri-
butions of the two surfaces to the equivalent power of the lens.
Following Bennett (1988) this is accomplished by dividing the
front power by the total lens power. This Q parameter is 0.38 for
the Gullstrand–Emsley schematic eye.
As the optical principles behind Bennett’s equation are common
to any type of eye with a cornea and a crystalline lens, it may also
be used in chicken eyes. The chick cornea is similar to that of hu-
mans except for the fact that it can change power with accommo-
dation, and the chick and human lenses are shaped similarly, with
ﬂatter anterior curvatures. We therefore used the regression lines
and equations from Schaeffel and Howland (1988) (Table 1) on
the ocular components of the chick eye, to calculate lens power
with Bennett’s equation. In particular, we used the data on refrac-
tion, corneal power (calculated from the corneal radius assuming
an index of 1.332) (Littmann, 1951; Schaeffel & Howland, 1988),
axial length, anterior chamber depth and lens thickness. This was
done for chickens over the age range from 10 to 90 days-old, at
10 days intervals. For each age, the A and B constants of the equa-
tion were calculated using the lens radii of curvature and the cal-
culated equivalent refractive index of the lens. The original
measurements of the lens radii were performed on frozen sections
(Schaeffel & Howland, 1988), and from recent work it is known
that freezing increases lens thickness by 10% in chickens (Avila &
McFadden, 2010). We therefore corrected lens thickness, anterior
chamber depth, vitreous chamber depth and lens radii for this er-
ror. The lens thickness was corrected by dividing the measured
lens thickness by 1.1, and the radii were corrected by subtraction
of half the change in lens thickness (i.e. 0.05 measured thick-
ness). For example, the original lens thickness for the day 90 chicks
was 3.88 mm and it changed to 3.53 mm after the 10% reduction,
and the anterior lens radius changed accordingly from 6.11 mm
to 5.93 mm because of the decrease in lens thickness.
Based on the radii of curvature, thickness and power of the lens,
the equivalent refractive index (i.e. assuming a homogeneous lens)
was estimated using a rewritten version of the Gullstrand thick
lens equation (Rozema et al., 2012). But since the ocular and lentic-
ular biometry, as well as the lens refractive index, can change with
age, it is not valid to assume that the ocular and lenticular principal
points remain in the same locations during the follow-up period.
This poses a chicken-and-egg problem, since the power of the
eye cannot be estimated without knowing the location of the ocu-
lar principal points, the ocular principal point cannot be estimated
without knowing the power of the lens, and the power of the lens
cannot be estimated without knowing the power of the eye.
For calculations on adult human eyes, this problem may be
solved by either assuming a constant lens index or a constant value
for the posterior principal point of the eye. But since this work in-
volves a growing eye in which almost everything is changing, such
an approach is not an option. Instead a recursive approach was
used, starting with Schaeffel & Howland’s equivalent lens refrac-
tive index value to calculate an initial estimate for the second ocu-
lar principal point. Next the location of this principal point was
varied step by step until the difference between the lens power
values calculated using Gullstrand’s thick lens equation and Ben-
nett’s equation was within ±0.01D. This gave us consistent values
for the equivalent refractive index of the lens that were matched
Table 1
Regression equations from Schaeffel and Howland (1988).
x is age in days
Refractive error (diopters) 0.023  x + 2.1213
Corneal radius (mm) 2.2904 + 0.0759  x  0.0009447  x2 + 0.000004583  x3
Anterior chamber depth (mm) 1.0617 + 0.0077  x + 0.0002384  x2  0.00000208  x3
Lens thickness (mm) 2.2007 + 0.000003388  x + 0.0005616  x2  0.000003935  x3
Axial length (mm) 6.88 + 0.1596  x  0.0014  x2 + 0.00000606  x3
Anterior lens radius (mm) 2.7695 + 0.0496  x  0.0003586  x2 + 0.000002439  x3
Posterior lens radius (mm) 1.9876  0.0429  x + 0.0004799  x2  0.000002119  x3
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estimate for the equivalent index was available, the A and B
constants were calculated for each age (individually customized
constants). We also determined age-independent values of the A
and B constants, which were the average of the age-dependent val-
ues. Both the age-dependent and the age-independent values for
Bennett’s constants are presented in the results section. Calcula-
tions were performed with Excel spreadsheets. The equation can
be downloaded in excel format from www.dresiribarren.com.ar/
bennett.3. Results
Table 2 shows the corrected data for refraction, ocular biometry,
Gullstrand and Bennett lens power, lens equivalent refractive
index, and the A and B constants for chickens aged between 10
and 90 days. The value of constant A (position of the anterior
principal point of the lens) increased slightly with age, while
constant B (position of the posterior principal point) decreased
slightly with age according to the following regressions:
AðAgeÞ ¼ 9  106  Age2  5  105  Ageþ 0:5496
BðAgeÞ ¼ 8  106  Age2 þ 7  105  Ageþ 0:4012
ð1Þ
The mean values ± standard deviations of these constants over
this age range were A = 0.574 ± 0.023 and B = 0.379 ± 0.021.
Axial length increased with age, while corneal curvature
decreased, as was reported previously (Schaeffel & Howland,
1988) (Fig. 1A and B). The axial length/corneal radius ratio
decreased for the ﬁrst 30 days as the cornea rapidly lost power
(ﬂattened), and then increased steadily as the decreasing corneal
power approached a plateau, while axial length continued to
increase steadily (Fig. 1C). Our calculations show that while axial
length increased and corneal power decreased with age, lens
power decreased as well (Fig. 2), In addition, the equivalentTable 2
Refraction, ocular parameters, lens index, lens power and equation constants in chicks ag
Age (days) 10 20 3
Spherical equivalent (diopters) 1.89 1.66 1
Mean radius of cornea (mm) 2.96 3.47 3
Keratometry (1.332 index) 112.18 95.75 8
Anterior chamber deptha (mm) 1.26 1.40 1
Lens thicknessa (mm) 2.05 2.18 2
Viterous deptha (mm) 5.03 5.98 6
Axial length (mm) 8.34 9.56 1
Anterior lens radiusa (mm) 3.13 3.53 3
Posterior lens radiusa (mm) 2.27 2.56 
Lens index 1.4502 1.4492 1
Gullstrand lens power (diopters) 84.70 74.55 6
Lens power with age-dependent constants (diopters) 84.70 74.55 6
Lens power with customized constants (diopters) 85.67 75.28 6
A constant 0.552 0.551 0
B constant 0.400 0.400 0
a Adjusted for lens freezing.refractive index decreased from 1.450 to 1.441 over the same per-
iod (Fig. 3).
Fig. 4 shows the front and back curvatures of the 15 day old
chick lens (inner lines) inside the 80 day old lens (outer lines).
The increase in axial thickness and the ﬂattening of the curvatures
can be seen as the lens expands by growth of new layers of
ﬁbers. The equator was not drawn since the lens surfaces are not
spherical.4. Discussion
This study was developed to customize Bennett’s equation for
the calculation of lens power in chicken eyes for studies on exper-
imental myopia. Crystalline lens power and lens equivalent refrac-
tive index were found to decrease with age in chickens over the
period from age 10–90 days. The calculations for this paper were
ﬁrst done with the original data given by Schaeffel and Howland
(1988) with similar results (data not shown), but as it was recently
shown that freezing increases lens thickness by 10% (Avila &
McFadden, 2010) corrections in those measurements were made
as described in methods. Studies which rely on biometry do not
need such corrections. Studies of lens power change with age can
be then performed in living animals. A further beneﬁt of this
method is that these axial biometric measurements are not
inﬂuenced by spherical aberration, as was the method formerly
proposed for measuring lens power (Choh & Sivak, 2005; Choh,
Sivak, & Meriney, 2002).
4.1. The lens refractive index
These results are generally consistent with those of previous
studies on early post-hatch refractive development in the chicken,
which showed that the lens loses power with growth, but differ in
relation to equivalent refractive index. A previous study of sche-
matic eye models in chicks has shown that while the eye elongatesed 10–90 days.
0 40 50 60 70 80 90
.43 1.20 0.97 0.74 0.51 0.28 0.05
.84 4.11 4.30 4.43 4.55 4.66 4.81
6.44 80.81 77.27 74.89 73.03 71.20 69.02
.57 1.75 1.92 2.09 2.22 2.31 2.35
.36 2.59 2.83 3.07 3.28 3.44 3.53
.64 7.08 7.36 7.57 7.78 8.04 8.45
0.57 11.41 12.12 12.72 13.27 13.79 14.32
.88 4.21 4.52 4.83 5.16 5.52 5.93
2.78 2.94 3.06 3.14 3.20 3.26 3.33
.4482 1.4474 1.4466 1.4455 1.4441 1.4425 1.4409
7.74 62.93 59.26 56.19 53.42 50.74 48.12
7.74 62.93 59.26 56.19 53.41 50.74 48.13
8.29 63.30 59.42 56.11 53.04 50.06 47.16
.554 0.560 0.568 0.578 0.590 0.601 0.612
.397 0.392 0.385 0.376 0.366 0.355 0.344
Fig. 1. (A) Plot of increasing axial length in mm against age in days. (B) Plot of
corneal power loss in diopters against age in days. (C) Plot of axial length/corneal
radius ratio against age in days.
Fig. 2. Plot of lens power loss (in diopters) against age for the three calculated lens
powers. The individually customized lens calculation was done with A and B
constants for each age, the globally customized calculation was done with the
average A and B constants, and Gullstrand’s lens power, with Gullstrand’s thick lens
equation.
Fig. 3. Plot of lens equivalent refractive index loss against age in days.
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age 15 days (Avila & McFadden, 2010). In that study, the calculated
equivalent refractive index of the lens increased during the second
week of chick life from 1.412 to 1.437, values which are lower than
those found in our calculations. Irving et al. (1996) also found
increasing values of lens equivalent refractive index (1.440–
1.486) for the chick lens over the same period. The present data,
in older chickens, show that the lens loses power after the age of
15 days and that, at the same time, the equivalent index decreases
slightly. Studies in mice (Schmucker & Schaeffel, 2004) and guinea
pigs (Howlett & McFadden, 2007) on the other hand, have shown
that both the equivalent refractive index and the power of the lens
increase slightly with growth of the eye.
The power of the chick lens has been shown to be constant dur-
ing embryonic development (Sivak et al., 1989). This constancy is
accomplished despite changes in shape, as the lens starts as a small
rounded structure that becomes bigger developing a lenticular
shape, as its front surface curvature ﬂattens with growth. This isinteresting because a growing homogeneous lens that increases
in thickness and ﬂattens its curvatures should lose power. How-
ever, using a laser light-scattering spectroscope, Peetermans, Foy,
and Tanaka (1987) showed that the concentration of crystalline
protein increases from the periphery to the center of the embry-
onic 10 day-old chick lens. This may mean that over the short per-
iod of three weeks before hatching, the embryonic chick lens
develops a gradient refractive index that increases lens power so
that the expected shape-mediated decrease of lens power with
growth is compensated for (Sivak, 2004, 2008). The central focal
length at day 21 of hatching was about 15 mm in that study (Sivak
et al., 1989), a ﬁgure that would give a back power of 60–70 diop-
ters, similar to that found in the present study for 10 day-old
chicks. After hatching, the lens appeared to lose power, as has been
found in our study.
The question of how the lens grows has been comprehensively
reviewed by Augusteyn (2010). New ﬁbers laid in the cortex have
more water content and less protein concentration, resulting in a
lower refractive index than the older ﬁbers in the lens center.
The concentration of the crystallins (i.e. the transparent proteins
of the lens ﬁbers) increases due to protein synthesis during ﬁber
Fig. 4. Schematic drawing of the change in lens thickness and front and back
curvatures of the 15 day old chick lens (inner lines) inside the 80 day old lens (outer
lines).
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no longer produce new crystallins, slowly lose water over time. The
ageing ﬁbers slowly become smaller in diameter and start folding
their membranes. This process, known as compaction, was de-
scribed in the nucleus and the cortex of human lenses by Brown
(1976) and Brown, Sparrow, and Bron (1988). This growth and
compaction of ﬁbers creates a progressive gradient of refractive in-
dex that bends the rays incrementally as they pass through the
lens structure, thus increasing its effective power (Sivak, 1985).
By simple geometry, a growing spherical lens would ﬂatten its
curvatures as its radius increases, and if it had an homogeneous
constant refractive index, it would lose power due to increased
axial thickness and ﬂatter curvatures. If the chick lens maintains
its lenticular shape, growing in axial and equatorial directions as
in Fig. 4, its curvatures would also ﬂatten with age, thus making
the lens lose power both by axial thickening and ﬂattening of cur-
vatures. The existence of a refractive index gradient in chicken
lenses makes things more complex, particularly since the gradient
may account for more than half of the total lens power (Borja et al.,
2008). The gradient has a peak refractive index in the center, which
may increase over time as older ﬁbers increase protein content
when they become mature, and even more as they become com-
pacted later. The power of the gradient refractive index does not
lie in the peak refractive index, but in the gradual change in refrac-
tive index proﬁle from the surface to the center, since a shallow
gradient has a greater power than a steep one. Augusteyn in vitro
(2010) and Kasthurirangan et al. in vivo (2008) have shown that
younger human lenses have a shallower gradient index than older
lenses.
The equivalent refractive index of such a complex lens is the
index that an ideal homogeneous lens would need to create the
same total power as that achieved by the gradient refractive index
for given curvatures. These observations may explain how Avila
and McFadden (2010) could have paradoxically found a lens equiv-
alent refractive index in chicks that increased with age during days
0–15, while the lens power decreased in the same period. Irving
et al. (1996) also reported an increasing lens index in the ﬁrst
weeks of life in chicken. This is different to the pattern we have
observed in older chickens. Thus it would appear that the equiva-
lent refractive index of the lens increases in the ﬁrst week of two
after hatching, and then declines.The reasons for these differences are not clear. All of these cal-
culations depend on methodological procedures that are difﬁcult
to use in small eyes. It does seem possible that lens curvatures ﬂat-
tened and thickness increased, thus decreasing surface power. At
the same time, the increasing concentration of protein could have
made the peak index higher, effectively increasing the equivalent
refractive index, while the steepening of the gradient index may
have resulted in decreased internal power. In this way, internal
power would decrease while the equivalent refractive index in-
creases. This paradox was also found in human infants, where
the equivalent index increases while the lens loses power (Mutti
et al., 2005). During the age range from 15 to 80 days this tendency
apparently reverses, as both lens power and equivalent lens refrac-
tive index decrease (Figs. 2 and 3). The lens continues to grow in
thickness and ﬂattens its curvatures, while the equivalent refrac-
tive index decreases (possibly by steepening of the gradient pro-
ﬁle), which results in global lens power loss.
The ﬁnding of decreasing lens and corneal power during axial
growth in chicks, while maintaining a stable mean refractive error,
makes the problem of emmetropization and ocular growth more
complex. The ocular length in this period increases from 8 to
14 mm (Table 1), while corneal and lens power decrease by signif-
icant amounts. Adjustment of the rate of axial elongation to the
changing corneal and lens powers appears to be the principal
mechanism of emmetropization (Wallman & Winawer, 2004).
But corneal and lens power loss, naturally produced by spherical
eye growth, could also be environmentally modulated. Constant
light experiments have shown that this environmental treatment
ﬂattens the cornea and decreases lens thickness (Li et al., 1995).
The lens internal gradient compensates for aberrations, and varia-
tions in these ocular aberrations, possibly related to lens structural
development, have been reported during the development of
experimental myopia (Kisilak et al., 2006). Further, a recent study
in chickens reared with unrestricted vision under different light
intensities, showed that the cornea became ﬂatter and the lens
became thinner in eyes that grew faster under dim lights (Cohen
et al., 2011). The rate of corneal ﬂattening has been speculatively
linked to limbus growth in humans (Iribarren et al., 2012), while
the rate of lens power loss could be linked to the rate of lens epi-
thelial growth which is modulated by retinal factors (Lovicu &
McAvoy, 1992).
4.2. Bennett’s equation in chick eyes
In this study Bennett’s equation was customized to work with
chicken eyes. As the shape of the chick lens is similar to that of hu-
mans, the customized A and B constants for this equation in chicks
(0.574 and 0.379 respectively) are of the same magnitude as the
values Bennett proposed for humans (0.596 and 0.358). For the
same reason the mean Q value for the lens shape, found by the
ratio between the front power and the total lens power, was 0.41
in this chick study, similar to the 0.38 originally given by Bennett
for humans (Bennett, 1988). With these constants, Bennett’s
equation may therefore be used for future studies of lens power
change in chickens, as refraction and biometry are usually mea-
sured in in vivo animal studies of myopia. Calculation of lens power
could provide increased understanding of how the ocular compo-
nents of refraction change during emmetropization and myopia
development.
It is important to bear in mind that any inaccuracy in the mea-
surement of the ocular parameters used in the equation will pro-
duce errors in the calculated value of lens power, but as the lens
is located inside the eye, either phakometry or equations such as
Bennett’s are the only way to obtain this information in vivo, based
on certain assumptions. Corneal power in chicks can change during
accommodation (Schaeffel & Howland, 1987), so the measurement
38 R. Iribarren et al. / Vision Research 96 (2014) 33–38of corneal radius should be done with relaxed accommodation to
avoid error. Errors are especially likely in the small eyes of chickens
aged less than one month, which are commonly used in experi-
mental studies of refractive error. Small errors in corneal power,
axial length or refractive error measurement would translate di-
rectly to the lens power calculations. For example, a 0.1 mm error
in axial length of the 10 day old chick data in Table 1 would change
the lens power from 85.67 to 87.63 diopters A recent study com-
paring Lenstar with A-Scan biometry (Penha et al., 2012), found
differences in the measures obtained for the ocular components
with the two machines, especially in the lens thickness data. Fur-
ther research may be needed in this area to obtain accurate mea-
surements for the lens power calculations. Alternatively, older
chickens which have bigger eyes could be used, although the rate
of development of experimental myopia is slower.4.3. Conclusion
Bennett’s equation uses standard optical principles, and can be
used in animal experiments where only cycloplegic refraction,
keratometry and biometry are available. In this paper, we have
customized the equation for use with data from chickens on
commonly collected optical biometry.
During the ﬁrst three months of chicken growth, corneal power
decreases to an apparent plateau, while axial length and lens
power steadily change without signs of a plateau, as if these last
two ocular components would continue changing further in grow-
ing chickens. This 90 day developmental period in the chicken cor-
responds roughly to the ﬁrst two years after birth in children, over
which analogous changes in cornea, lens and axial length are ob-
served (Gordon & Donzis, 1985; Mutti et al., 2005). Similar changes
have been reported over the ﬁrst year or two after birth in
non-human primates (Qiao-Grider et al., 2007). Thus, despite the
phylogenetic differences between chickens and primates, the
fundamental features of change in refraction and ocular biometry
appear to be similar to those in humans, and more detailed studies
of early refractive development in chickens, in particular changes
in lens power, may throw some light on early refractive
development in humans.Financial support
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